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1. Introduction
ow to teach mathematical concepts in a secondary bilingual mathematics classroom has an implication for bilingual students' mathematics learning. In recent years, mathematics learning standards and teaching guidelines have focused on the development of students' complex reasoning skills using concepts and mathematical language learning beyond the development of computational, procedural, and operational skills (Ramirez and Pattichis, 2012;NCTM, 2020). Concept learning, including comprehension and understanding of mathematical concepts and the relationship between concepts, can facilitate students' higher-order mathematics thinking skills and mathematics knowledge (NCTM, 2020; Simon, 2017). However, mathematics education for bilingual ELLs (English language learners) so far tends to use a monolingual perspective, assuming that students are English proficient, those whose native language is either English, or the former ELLs who have already achieved a mastery of English. There is a lack of research on how bilingual ELLs fare in concept-based learning in mathematics. Additionally, there is little research on how these students' home languages, culture, and previous education affect their learning of mathematical concepts.
Mathematical concepts are often abstract and complex and hard to articulate and define (Simon, 2017). For bilingual ELLs, mathematics learning can be extra challenging as they are trying to learn mathematics in a language that they are currently struggling with. Also, teaching examples used to illustrate mathematical concepts are often based on American cultural references, thus unfamiliar to those students. Many times, mathematics teachers of bilingual ELLs rely on concept translations. Once language equivalents are established via translation between English and the student's home language, teachers often assume a meaningful connection is made, and that students have understood the concept. However, this assumption can be misleading as the role of language and culture and literacy experiences of bilingual students in the construction of conceptual knowledge has been inadequately examined (Dong, 2016; Hornberger and Link, 2012; Lee and Lee, 2017; Naresh, et al., 2014). What happens when no language equivalents exist between English and the student's home language that is used to describe the concept? Or what happens when students learn those concepts using a different set of words or thought processes from their schooling back in their home countries? We cannot overlook the impact of bilingual ELLs' history of participation in mathematics learning in their previous schooling back in their home countries. These past experiences impact how the concept is taught and learned. When teachers fully utilize these resources along with the students' home languages, they can promote and deepen mathematical concept learning.
Translanguaging pedagogy has challenged the monological view of bilingual education (Garcia, 2009;Garcia, et al., 2017;Wei, 2018). Rather than treating students' home language and English as separate entities to be taught in a sequence and alternation as in the Dual Language program (DL), or in the Transitional Bilingual Education program (TBE), translanguaging pedagogy argues for flexible, hybrid, interactive, and dynamic language practices by intermingling bilingual students' full linguistic and literacy repertoire. Translanguaging pedagogy consists of all languages (both English and the student's home languages) and literacy skills that the students possess (Allard, 2017; Beeman and Urow, 2013; Garcia and Kleyn, 2016;Tai and Wei, 2021). By incorporating all their languages, literacy skills, and culturally familiar examples bilingual ELLs can access and understand mathematical concepts fully as well as develop their bilingual language skills (Krause, et al., 2019;Lang, 2019;McGraw, et al., 2008;Prediger, et al., 2019;Tai, 2022;Turner, et al., 2013).
A recent analysis of the pass rate on the Regents Exams in mathematics for New York City high schools showed a serious gap between Englishproficient students and bilingual ELLs. For example, the pass rate for the recent Regents Exam in algebra was 68% for English proficient students compared to 36% for ELLs (New York State Department of Education 2020-2021). The low pass rate for ELLs is especially concerning when two-thirds of those students have had grade-level equivalent mathematics learning from their home countries. All this points to the need for reexamining and revising bilingual mathematics teaching pedagogy used to teach bilingual ELLs. Therefore, it's the purpose of this article to explore the benefits of culturally relevant and translanguaging pedagogies in teaching conceptual knowledge to bilingual ELLs in mathematics.













Figure 1. 
[image: Translanguaging and Culturally Relevant Pedagogies in Teaching Mathematical Concepts I'm 15 years old and I came to the U.S. two years ago. I stopped learning Chinese after I got here because English is obviously my priority now. I need it to get respect from other people instead of being ignored by them because of my language barrier. I also need it to pass my exams to graduate.]
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1[image: Translanguaging and Culturally Relevant Pedagogies in Teaching Mathematical Concepts Diagram Function vs. Non -Function Lisa's translanguaging shift After the students' individual seatwork, Lisa reconvened, hoping students would come up with examples of functions in real life. However, there were still no volunteers. Lisa sensed that the class might still not understand the function concept. It was at this moment, Fran reported to Lisa and the class that Yushan just came back from China last week" (line 15). Instead of reteaching the concept, Lisa seized the opportunity by saying "Great. How did you and your family travel to the U.S.?" Her question triggered students' interest and got the class discussion going. Altogether eight students participated in this section of the discussion by sharing their travel experiences from China to the U.S. With Lisa's minimal prompting, students were able to associate travel experiences with the concept. Lisa's flexibility to make a shift with the intention of getting students to see what a function is through their own travel experiences is what Garcia et al (2017) talked about when "using students' connections to strengthen their understanding of and engagement with the difficult new content" (78). Though she didn't plan for Fran's comment or the travel example to teach function, Lisa's shift validated students' experiences, energized the class discussion, and led to meaningful and productive learning about the concept of a function.Translanguaging and Culturally Relevant Pedagogies in Teaching Mathematical Concepts]
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[image: Translanguaging and Culturally Relevant Pedagogies in Teaching Mathematical Concepts and non-examples of a function played a critical role in students' conceptual development. All this may not have been achieved had the teacher just laid out the parameters of what counts as a function too early in a deductive manner.]




Figure 6. 
	b) Mathematics	concept	teaching	through
	translanguaging pedagogy		
	Translanguaging pedagogy originated from
	Williams, a Welsh bilingual education scholar through
	his efforts to teach bilinguals both Welsh and English
	simultaneously (1994). Since then, Williams' concept of
	translanguaging has stimulated a lot of interest and has
	expanded to bilingual teaching and learning in the U.S.
	Research results have shown that translanguaging
	pedagogy has the significance of deepening and
	broadening our understanding of bilingual education
	and multilingual education. Translanguaging in bilingual
	education "is the act performed by bilinguals of
	accessing different linguistic features or various modes
	of what are described as autonomous languages, in
	order to maximize communicative potential" (Garcia et
	al, 2016; p. 140). It challenges the traditional bilingual
	education pedagogy that views language learning as
	learning two separate languages in isolation, such as
	in the ESL/ENL program or one at a time as in the
	Dual Language program, or in percentages as in the
	Transitional Bilingual Education (TBE) program
	(DiNapoli and Morales, 2021; Prediger et al., 2019; Tai
	and			




Figure 7. 


Note: How does a 9th-grade bilingual mathematics teacher use translanguaging pedagogy to teach the concept of function to her students? How do bilingual ELLs learn to use translanguaging techniques to learn mathematics? Context



Figure 8. Table 1 :
1	Student	Age	Time in the U.S.	ESL level	Chinese level
	Adam	15	1 year	beginning	Fluent
	Christina	15	3 years	Intermediate	Fluent
	Fan	15	3 years	Intermediate	Fluent
	Hua	14	2 years	intermediate	Fluent
	Jian	15	1 year	beginning	Fluent
	John	15	1.5 years	beginning	Fluent
	Meimei	14	2 years	intermediate	Fluent
	Tom	14	3 years	advanced	Fluent
	Tong	14	3 years	advanced	Fluent
	Yushan	14	2 years	beginning	Fluent




Figure 9. Table 2 :
2	English word	Chinese word
	Function	??
	Input	è¾?"?
	Output	è¾?"?




Figure 10. 
	18. Teacher: ?????å?"ª????? (Which airline did
	you take)? ??å?"ª??? (Which airport did you go
	to)?
	19. Yushan: ?????? (I took Air China) from Beijing
	to JFK
	20. Jian: ???????? (I took Eastern Airline) from
	Shanghai to JFK.
	21. Teacher: Good. Who can tell me about your trip
	from China to America using the function concept?
	22. Yushan: I walked into Beijing airport and took ??
	(Air China). Thirteen hours later, I arrived at Kennedy
	Airport.
	23. Teacher: So, the input is?
	24. Yushan: ??(Air China) at Beijing airport
	25. Teacher: The output is?
	26. Jian: ??(Air China) at JFK airport
	27. Teacher: Excellent.
	28. Meimei: But can I take two airlines? Like both ??
	(Air China) and ???? (Eastern Airline)?
	29. Tom: How can that be possible? They are two
	different airlines starting from two different cities.
	One is in Beijing, and the other is in Shanghai.
	30. Adam: ?????????? (Can't I take one airline
	and go to two places at once) like JFK and then
	Chicago?
	31. Christina: No, ??????? ???. ?????
	?????,?????????? (You can only go to
	one place for each ticket. If you want to go to
	another place, you must purchase another ticket).
	32. Teacher: Important point. Here the key is a one-on-
	one relationship between one variable called
	???, the independent variable, and another
	variable called ?? the dependent variable at a
	given time. The pair between the independent
	variable and the dependent variable must be one-
	on-one. If it's not, then it's not a function anymore.
	Does it sound familiar to you now?
	33. Hua: Yes, now I remember my Chinese math
	teacher talked about ?? and ???.


Note: 34. Teacher: How do you use ??? (the dependent variable) and ?? (the variable) to describe this travel example? 35. Hua: ???????å?"ª????å?"ª?????and ????????????? (
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2 5th-grade Latino ELLs' performance on mathematical problem-solving tasks in a 10-week afterschool program. Through detailed analysis of the group
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3. Literature Review a) Mathematical concept learning through culturally relevant pedagogy
 Up: Home Previous: 2. II. Next: 4. Teacher participants
The National Council of Teachers of Mathematics (NCTM) requires that students must learn mathematics with conceptual understanding to comprehend mathematical concepts, operations, and relations (NCTM, 2020). "Conceptual understanding refers to an integrated and functional grasp of mathematical ideas," (Mathematics Learning Study Committee, 2001, p. 118). Using classroom discussion to teach concepts has been a hallmark of mathematical concept teaching. During the discussion, the teacher invites students to talk and think about the concepts and provides opportunities for meaningful connections and conceptual understanding (Bosse, et al., 2018(Bosse, et al., , 2021;;Simon, 2017). Active inclusion and engagement of bilingual ELLs through classroom discussions play a critical role in their concept learning.
The most recent NCTM position statement for "Transforming practices and policies so multilingual learners thrive in mathematics" (2022) declared that "(s)tudents' mathematics learning should not be put on hold as they learn English. Instead, teachers should build on students' strengths and work with support systems (e.g., language acquisition specialists) to help students gain access to mathematics while they develop language" (p. 2). Research in mathematics education for bilingual ELLs has articulated the critical importance of teaching mathematics by using what they know, their linguistic resources, cultural resources, previous literacy resources, etc. (Civil, 2016;Domingquez, 2011;Lopez, et al., 2013;Moschkovich, 2015Moschkovich, , 1999;;Ramirez and Celedon-Patrrichis, 2012;Turner et al., 2013).
This line of research has historically drawn on culturally relevant pedagogy proposed by Ladson-Billings (1992, 1995) who researched educational disparities of racial minority students in the 1990s. Three tenets of this pedagogy are 1) the teacher's belief in student success and learning about students' home language and culture, 2) the teacher's inclusion of students' prior knowledge and culture in the curriculum and instruction, and 3) the teacher's support for students' positive ethnic and social identity. Since then, research into culturally relevant pedagogy has expanded its focus to teachers' use of bilingual Ells's funds of knowledge (Moll et al., 1992), to facilitate the students' active participation in mathematics learning (Aguirre and Zacvala, 2013;Assaf and Graves, 2019;Civil, 2016;I et al., 2020;Moschkovich, 1999;Turner et al., 2016).
Using an ethnographic approach, Civil (2016) provided vignettes of three 5th-grade Latino students' mathematics learning experiences at home, in the community, and in an after-school program. Civil highlighted the rich and unique characteristics of learning mathematics in those settings and highlighted the important role that those experiences had in the student's learning of mathematics in the classroom. Comparing the findings obtained from those settings, Civil argued for using those students' and family's funds of knowledge, even though not acknowledged or valued in the classroom to promote their mathematics learning. She questioned the way that mathematics knowledge is viewed in the classroom versus at home and in the community. She argued for teachers' inclusion and use of students' funds of knowledge in mathematics instruction.
Examining a geometry classroom discussion with a class of 3rd-grade ELLs, Moschkovich (1999) found the strategies used by mathematics teachers to engage students in concept exploration about parallel lines, such as inviting students to talk about what they knew from their everyday experiences and model the desired language use for classroom participation. The teacher was able to move beyond providing definitions of words to engage students in thinking about those key geometry concepts and communicating their views and justifications. All this showed that ELLs not only were capable of participating in the discussion using English, but also, thinking, debating, and articulating their understanding of these concepts.
Turner et al (2013) reported their study on seven discussions, they found that when teachers gave students opportunities to participate in the discussion and used students' familiar cultural references, the students performed eagerly and actively which led to success in learning. According to the researchers, the teacher's view of those linguistically and culturally diverse students made a big difference. Students' home language and culture were not viewed as a deficit but as a practical resource in the group discussions and learning process.  Wei, 2021). Instead, translanguaging pedagogy is about communication and knowledge construction. It focuses on language intersections and interrelations by using bilinguals' full linguistic repertoires, multimodal, multicultural, and cognitive resources to access and learn both language and content knowledge (Garcia et al., 2016;Wei, 2018). Garcia et al (2016Garcia et al ( , 2017) ) argued for important requirements that bilingual teachers should meet, such as translanguaging stance, design, and space in order to be effective in their translanguaging practices. According to Gacia et al (2016,2017), translanguaging stance refers to the teacher's belief that bilingual ELLs have one holistic language repertoire composed of all languages they speak for the following four teaching purposes:
1) To support students as they engage with and comprehend complex content and texts. 2) To provide opportunities for students to develop linguistic practices for academic contexts. 3) To make space for students' bilingualism and ways of knowing. 4) To support students' socioemotional development and bilingual identities (Garcia et al., 2017, p. 50). Consistent with that stance, the bilingual teacher's lesson design must have the following three key components: 1) Construct and capitalize a cooperative and collaborative structure of learning environment, 2) Collect relevant and appropriate varied multilingual and multimodal instructional resources that draw on bilingual students' cultural experiences and prior education, 3) Use translanguaging pedagogical practices, where the teacher helps bilingual students draw on their full linguistic repertoire, to support and facilitate their use of it to learn content knowledge (Garcia and Kleyn, 2016, p. 21).
While using translanguaging pedagogy, the teacher gives students translanguaging space, the freedom of language choice, voice, and authority to participate, access, and generate new understanding in all languages (Lang, 2019;Tai, 2022;Wei, 2018). Besides translanguaging design and space, the bilingual teacher should also be open and flexible about making translanguaging shifts during the lesson in order to "change the course of instruction in order to respond to individual children's language repertoire" (Garcia and Kleyn, 2016, p 23). According to Garcia et al (2016Garcia et al ( , 2017)), translanguaging shifts are an integral part of translanguaging classroom instruction. In doing so, the teacher creates more translanguaging opportunities for the students and addresses their responses and learning needs while maintaining the focus on the content and language learning objectives.
Henderson et al. (2018) examined a 3rd-grade bilingual teacher's use of translanguaging shifts to tap into his bilingual ELLs' linguistic, cultural, and multimodal resources, including using different Spanish spoken registers, songs, jokes, etc. He made efforts to learn students' home languages and cultural practices both in prepared and spontaneous ways through those shifts. Not only did those shifts engage students' bilingual language learning but also fostered their role as co-learners in the discussion. According to the researchers, the key ingredient in the teacher's translanguaging shift was his high level of multilinguistic awareness in developing "1) knowledge of languages of the students 2) knowledge about the subject matter language and 3) pedagogical practices using those languages 4) knowledge of multilingualism and its value in knowledge construction" (p. 255).
Translanguaging pedagogy not only motivates and creates opportunities for students to learn languages, but also promotes subject matter learning (Baker and Wright, 2021;Dong, 2021;MacKinney, 2022;Prediger, et al., 2019;Tai and Wei, 2021). MacKinney (2022) conducted an in-depth case study of five bilingual ELLs in a Miami middle school to examine how three bilingual mathematics teachers used the students' full linguistic repertoires and funds of knowledge, (including students' skills and practices used in the households, prior schooling, and communities) to teach language and mathematical concepts. From the study, the researcher demonstrated the importance for mathematics teachers to understand bilingual students' previous mathematics learning experiences and use them as a resource in their bilingual mathematics teaching.
Despite a generally positive view on the benefits of translanguaging pedagogy, limited research has been conducted on the potential of using bilingual ELLs' previous literacy repertoire, such as their previous schooling and mathematics learning history to achieve translanguaging pedagogical goals (Dong,  The case study was conducted in a large urban high school in New York City in the 2019-2020 school year. The school had close to 4,500 students. Over 2,500 or close to 60% of its students were Asian Americans and a majority of them were Chinese bilinguals. Over 500 or 12% of those students were also ELLs. The school had a large Transitional Bilingual Education (TBE) program offering algebra classes in bilingual Chinese, Korean, and Spanish. The TBE, a prevailing high school bilingual program "provides reading, writing, and other classes in English and in the student's home language. As students' English improves, more time is spent learning in English and less time is spent learning in their home language. The goal of this program is to support students in their home language while they fully transition to an English-only instruction class. Classes comprise students with the same home language" (New York State, Department of Education. 2021). Because of the unique teaching context and urgent needs, the assistant principal of the mathematics department encouraged all his bilingual mathematics teachers to pursue a bilingual extension certificate in order to better serve their bilingual ELLs.
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The teacher participant for this study is Lisa (fictitious name), a 9 th grade Chinese American algebra teacher. At the time of the study, Lisa was a New York State certified mathematics teacher in grades 7-12 and had three years of Chinese bilingual algebra teaching experience. Lisa was taking her last course of the graduate-level secondary Bilingual Education extension program. The course was entitled: Reading and Writing for Diverse Learners in Content Classes, which was taught by the author of this article.
In addition to Lisa, there were eleven other bilingual subject matter teachers taking this course. They were secondary teachers at New York City public schools and two Long Island schools. These teachers had diverse backgrounds in subject matter teaching with certificates in mathematics, English language arts, social studies, or science. They were proficient in bilingual Bangladeshi, bilingual Korean, bilingual Spanish, and bilingual Haitian Creole.
Lisa was purposefully selected for this study because of her bilingual proficiency in both Chinese and English, cooperation, and deep reflection throughout the semester on various issues related to culturally relevant and translanguaging pedagogies (Garcia et al., 2017;Ladson-Billings, 1992, 1995). I chose to limit the teacher participant to a Chinese bilingual teacher due to my own Chinese bilingual status.
Coming to the U.S. from South China after finishing middle school there, Lisa possessed excellent Chinese language skills. It was in China that she first learned English in middle school. After coming to the U.S., she rapidly progressed in her English competency and was quickly tested out of the ESL (English as a second language) program. She flourished in mathematics and was a math tutor throughout high school and college. She identified herself as a Chinese-American bilingual mathematics teacher.
Teaching in a school with a high percentage of Chinese bilingual ELLs, Lisa became dissatisfied with the TBE program structure. The TBE program at her school implemented a guideline where all subject matter bilingual teachers were required to use 80% of the bilingual ELLs' home language at the beginning of the school year first before transitioning into 80% or more English at the end of the year. To Lisa, this arbitrary policy sent a negative message to her students about their home language and made it harder for her to support her students' bilingual language development and mathematics learning. Lisa was excited and eager to learn about culturally relevant and translanguaging Volume XXIII Issue X Version I pedagogies in our class. She participated with great enthusiasm in the cross-cultural literacy education study, a course assignment requiring students to investigate the culture and education system of the country whose people speak the language of their bilingual education extension. Guided by the culturally relevant pedagogy (Ladson-Billings, 1992, 1995), students interviewed two people who had schooling in that country, had proficient literacy skills in the language, and were familiar with the education system of that country. In addition, each student read two articles about the education system of that country. Lisa read An's article (2000) entitled "Mathematics Teachers' Beliefs and Their Impact on the Practice of Teaching in China" and Jin and Wong (2015). "Mapping conceptual understanding of algebraic concepts: An exploratory investigation involving grade 8 Chinese students".
For her cross-cultural literacy education study, Lisa interviewed Ms. Ying, a fellow Chinese bilingual mathematics teacher. Ms. Ying also came from southern China and had three more years of teaching experience than Lisa. Lisa and Ms. Ying often conversed after class about their teaching successes and challenges with their Chinese bilingual ELLs. Ms. Ying, not only had good knowledge about the Chinese education system but also was an advocate for bilingual students' learning opportunities and biliteracy development in both Chinese and English. She had already earned her bilingual education extension and had a lot to share with Lisa, becoming an informal mentor to Lisa.
Drawing on her cross-cultural literacy education study findings, our course readings, discussions, and writings, Lisa embraced translanguaging pedagogy and became a firm believer in promoting her students' biliteracy skills besides mathematics knowledge and skills using translanguaging and culturally relevant pedagogies. In the 2 nd half of the semester, students in the course were engaged in an applied teaching project by using culturally relevant and translanguaging pedagogies to teach a unit in their respective bilingual subject matter classes. Guided by the framework for translanguaging pedagogy, Garcia et al (2016Garcia et al ( , 2017) ) students focused on the translanguaging design, space, and shift in their lesson planning and delivery. Lisa's unit was on the concept of function in her 9th-grade Chinese bilingual algebra class.
Lisa selected ten focal student participants in her 9th-grade Chinese bilingual algebra class because of their bilingual language skills and shared home cultural and literacy backgrounds. All of them came from South China, some from cities and others from the countryside in the provinces of Guangzhou, Hubei, Fujian, and Zhejiang. Students were all ELLs receiving ESL service daily in addition to taking bilingual algebra, bilingual science, and bilingual social studies classes. They varied in their English proficiency levels, ranging from beginning (entering) to intermediate (emerging, transitioning, and expanding). They also varied in their mathematics proficiency levels, ranging from low proficiency to high proficiency. All the students were fluent in Chinese, some were also capable of reading and writing in Chinese. A few were taking AP (advanced placement in Chinese language classes (see Table 1 below) 
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The data sources for this study included Lisa's three audio-taped Chinese bilingual algebra class discussions in the unit of function in the fall of 2019. Also, included were audio-taped interviews with one of Lisa's focal students, Hua, and Ms. Ying. Interviews and classroom discussions were transcribed afterward. Artifacts such as Lisa's reflections on bilingual and biliteracy teaching and learning throughout the semester, her cross-cultural literacy education study report, and student work samples were included.
Data analysis was inductive and organized using the emerging themes centered around the research questions (Emerson, et al., 2011). Using the constant comparative method (Corbin and Strauss, 2014), I compared different data sources to analyze the thematic patterns identified as participants' translanguaging practices, contexts, shifts, modes, and goals. For example, a translanguaging shift was identified in the middle of one of Lisa's classroom discussions where students had a high participation rate and leveraged all their linguistic and cultural resources to talk about the concept of function. Also, the interview with Hua, Lisa's student, and Ms. Ying, a fellow teacher helped me understand the goal of Lisa's understanding of her students' previous cultural and literacy background, translanguaging practices, and concept discussions. Through the use of inductive and constant comparative approaches to the data analysis salient themes emerged (Corbin and Strauss, 2014;Emerson, et al., 2011), such as connections to prior knowledge, translanguaging to promote concept learning, etc.
IV.
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6. Results and Discussion
 Up: Home Previous: 5. III. Data Collection and Analysis Next: 7. Lisa's translanguaging stance
The research questions for this study were:
In what ways does the bilingual mathematics teacher use culturally relevant and translanguaging pedagogies to teach the concept of function to her high school bilingual students?
How do bilingual students learn to use translanguaging to learn mathematics?
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7. Lisa's translanguaging stance
 Up: Home Previous: 6. Results and Discussion Next: 8. Lisa's translanguaging design and space
In my course, entitled Reading and Writing for Diverse Students in Content Area, I drew on both culturally relevant and translanguage pedagogies in my course design. Using the course readings, discussions, and writings, I followed Garcia, et al (2017) three major requirements of a translanguaging pedagogy including 1) teachers' translanguaging stance, valuing and using students' all linguistic and cultural and literacy resources, 2) teachers' translanguaging design, planning their lessons using translanguaging lens and culturally relevant design to create translanguaging space and assignments, and 3) teachers' translanguaging shifts, being willing and ready to make changes to respond to students' learning needs in the translanguaging corriente in class (p. 78).
To develop students' translanguaging stance, I designed reading and writing activities by inviting students to reflect on their own bilingual and biliteracy journeys, their perspectives toward bilingualism, and language ideology in America. Lisa wrote about the following:
I come from a city in South China. At home, I speak a regional dialect, Cantonese with my family. When I attended school in China, I learned Mandarin. In seventh grade, I started to learn English, one of the required subjects in middle school. When I came to America, I was put into an ESL class to learn how to speak English quickly communicate with teachers and classmates, and learn subject matter in English.
Because of my Chinese proficiency, I was put into the AP Chinese class, which helped me maintain my native language, Mandarin. Over the years, I found my Chinese language skills helped me understand some of the English grammar points. Also, I soon realized that quite a few topics in my mathematics classes in the U.S. were the topics that I had already learned back in middle school. That gave me a real motivation to maintain what I learned back in China by using it to learn both English and mathematics.
As the semester progressed, our reflections moved to a deeper level: examining our perspectives toward bilingualism in a larger social context in the U.S. In doing so, we challenged the traditional and deficient views toward bilingualism. Lisa wrote the following in her reflection: This is the first time I really thought about language issues in a larger social context. I know my students and their families are all struggling with the language. They value English more and consider it as key for education and job market security down the road. My personal bilingual journey tells me that there are no clear-cut ways of approaching language learning. I do my daily translanguaging all the time, in school, and at home with colleagues and friends. We don't have to approach things in either English or Chinese. I think we should really value what our students bring to the classroom, including their home language, home culture, and prior schooling. If all those resources help their learning of mathematics and languages, why not use them as an additional resource for learning mathematics?
Lisa's growth in her understanding of translanguaging was also supported by her crosscultural literacy education study to investigate her students' prior schooling, home culture, and language (Civil, 2016;Ladson-Billings, 1992, 1995;Lopez, et al., 2013;Moschkovich, 2015Moschkovich, , 1999; Ramirez and Celedon-Patrrichis, 2012; Turner, 2013). To uncover her students' prior mathematics learning and home language literacy backgrounds, Lisa studied the Chinse education system and mathematics curriculum and instruction by reading two scholarly articles about Chinese mathematics education (An, 2000;Jin and Wong, 2015). The readings opened Lisa's eyes and further stimulated her intellectual interest in seeking information from her students and fellow teachers who were educated in China. To Lisa, the more she knew about her students' backgrounds and funds of knowledge (Civil, 2016;Ladson-Billings 1992, 1995;Moll et al., 1992;Moschkovich, 1999), the better her translanguaging design would be. Her sincere interest in her students led them to share their previous education, family, and home culture with her as shown below:
Volume XXIII Issue X Version I My parents care about my education but they cannot help a lot me much in learning. I remember my father taught me how to do simple arithmetic problems by using the abacus back in China. Because of it, math has always been my Lisa was pleasantly surprised that Hua had a good foundation and a positive attitude toward mathematics learning back in China. Lisa revealed that she wouldn't have known had she not asked Hua. Hua's revelation showed us that a translanguaging teacher must do more than just tap into bilingual students' full linguistic repertoire. They must also learn their students' backgrounds and interests and take what they have learned into account when designing a translanguaging lesson and creating a translanguaging space to make challenging content concepts comprehensible and meaningful.
Lisa's interview with Ms. Ying, her fellow Chinese bilingual mathematics teacher also confirmed what Lisa learned from her students and the two readings. Ms. Ying emphasized the importance of using culturally relevant pedagogy and valuing students' prior schooling in mathematics instruction. Ms. Ying gave her perspective on this:
Normally the Chinese 5th grade math curriculum covers the most topics in 6 th , 7 th , and 8 th grade math here. So many Chinese bilingual ELLs who come to the U.S. in middle and high school should have already learned many of the topics we teach here in the U.S. However, some mathematical concepts taught back in China cannot be directly into English. I remember when I first came to the U.S. I struggled to understand those one-on-one translations because my mathematics teacher in China didn't use those same words to describe those concepts. Also, I did not relate to the examples that the teachers here used. Because of all this, I often remind myself of the fact that many of our Chinese bilingual ELLs are learning concepts in a new language in an unfamiliar context. Now I often plan my lessons with those students' needs and backgrounds in mind.
Teaching in an exclusively Transitional Bilingual Education (TBE) program, Lisa was instructed by her administration to adhere to specific guidelines by using 80% of students' home language and 20% of English at the beginning of the school year and transitioning into 80% of English and 20% of students' home language by the end of the school year. However, after teaching for three years of bilingual mathematics and taking bilingual education courses, Lisa began to question those percentage requirements. Similar to Ms. Ying, Lisa began to see problems with this arbitrary guide for teaching bilingual mathematics.
According to Lisa, bilingual teachers must connect the content to their students' familiar references, cultural experiences, and prior schooling. Only when the teacher has taken into account of who the students are and what they bring to the class, can translanguaging practices make sense to the students and result in productive, meaningful, and comprehensible content and language learning. Lisa articulated her view in the following:
I have come to realize that my school is not really putting emphasis on bilingual education. There are not enough bilingual materials for teachers to support bilingual students. All the glossary, and textbook materials are mostly created by the teachers on their own. All this sends a message to the bilingual ELLs that English is superior. What they learned about mathematics back in their home country is gradually lost if they are not given a chance to use it.
My semester-long learning on tanslanguaging pedagogy made me question the reason behind why there has to be an 'either-or 'or' situation about bilingual education. Using translanguaging pedagogy helped me unlock the language power in my students. My students are able to actively engage and think deeply about concepts using both languages at their disposal. Their power to think, speak, and access those abstract and complex mathematical concepts using two languages is what excites me about teaching mathematics to my bilingual ELLs.
As shown above, Lisa's question about the monolingual mindset rooted in American educational systems and society (Garcia et al., 2017) and her challenge of the legitimacy of the practices and policies dictated by her school administration fostered her development of a translanguaging stance. Her own translanguaging practices on a daily basis allowed her to see the potential of culturally relevant and translanguaging pedagogies. Her belief in her students and her knowledge of her students' linguistic, cultural, and educational backgrounds propelled her to fully embrace translanguaging and culturally relevant pedagogies.
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As Lisa gained more insights into her students' prior schooling, she planned her three bilingual algebra lessons on the unit of function. Lisa decided to focus on what a function is by using bilingual translations of key concepts related to the concept, class discussions, and a student-familiar example to illustrate the concept. Her curricular objectives for the lesson were: 1) Students will be able to understand the basic concept of a function, and 2) Students will be able to accurately judge whether a given relationship is a function or not. Her translanguaging objectives were: 1) Students will be teacher gave me some problems in the Math Olympiad. I was excited and found those problems interesting. My teacher even nominated me to participate in a local competition with other schools. Our school won third place.
The teaching style in China is very different from here in America. The class size in China is a lot bigger, normally we have about 60 students in one class. Mathematics teachers in China gave long lectures about the topic. But here we do a lot of group work. I'm still trying to get used to this way of learning, and I don't feel that I have a good understanding of the topics taught in class. (Hua, 17-year-old) favorite subject in school. In middle school, my math able to recognize and use vocabulary related to function in both languages, 2) Students will be able to use both English and Chinese to talk, read, and write about a function, and 3) Students will be able to apply the concept of a function to everyday life. Instead of teaching too many new words all at once, Lisa decided to focus on the words function, input, output, dependent variable, and independent variable to make sure that her students would have a firm understanding of a function relationship before teaching more complex concepts, such as domain and range, how to graph a function, and different types of functions, etc. Before the class started, Lisa put on the board a direct translation of the words function, input, and output in both Chinese and English (see Table 1  
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After students settled into their seats and viewed the translations on the board, Hua revealed that she didn't understand the Chinese translation of function (see line 1). Lisa tried to activate Hua's prior knowledge about function by asking "?????????" (see line 2). Hua still didn't recall or register the mathematical meaning of the word (see line 3). Realizing that some of her students may not have learned or understood those Chinese translations, Lisa decided to "set aside those words" (see line 4) and illustrated the concept using a student-familiar example. Below is the initial class discussion on the concept of function. Lisa's plan for using bilingual translations to activate her students' linguistic and cognitive repertoire didn't work as shown in Hua's comment and the initial reaction from the class at the beginning (see line 3). Lisa quickly pivoted to her planned example to illustrate the concept. The example of purchasing snacks or drinks from the snack or soda machines was familiar to many students and got them thinking and talking (see lines 4-10). Students Christina, John, and Hua were involved in this part of the discussion to share their experiences with the snack/soda machine. John asked a question "But can I get two bags of chips by pushing one button?" Though responded to Christina, he still was not getting it (see lines [11][12][13]. Lisa didn't cut short the discussion but rather asked the class to think and write down other examples of a function individually in their seats.
A few minutes later, when Lisa asked the class to volunteer their examples of a function, the class was still quiet with no volunteers. It was at this moment that Fan reported to Lisa that Yushan just got back from his trip to China. Lisa took the opportunity to continue the discussion of the concept of a function using another example that was familiar to her students:   The class discussion after Lisa's shift achieved the following curricular and translanguaging objectives: First, it provided students a meaningful and relatable example for them to share their experiences, and explore to achieve concept understanding. According to Lisa, the concept of a function is an important central concept tied to many other algebraic concepts. Without giving sufficient time and space, students may not gain a full understanding of the concept. Lisa's shift allowed students to form their thoughts and explore the basic features of a function.
Second, as shown in the above excerpt, Lisa's patience and open invitation encouraged more students' participation. Eight students participated in the discussion about their travel experiences which was a shared experience among classmates. This enabled them to feed off each other to sustain the discussion and explore the concept in a collaborative learning environment. Notice that in lines 28 to 31, the students interacted and learned from each other. By this time, Hua remembered that she actually learned about all this back in China. Lisa's translanguaging shift turned the discussion into a student-centered meaning-making and knowledge-constructing interaction. After the students shared their meaningful associations of a function with their travel experiences, Lisa revisited those concepts using code-switching and bilingual translations.
Third, as the students invested more in the discussion, they were able to question the concept of a function (i.e., Tong's question (see line 36) and then Adam posed an alternative view (see line 38). All this broadened and deepened the discussion as to what a function is and is not. At this point, Lisa also provided the class with a visual map using their travel experience to illustrate what counts as a function and what does not count as a function. Lisa's inductive approach to teaching the complex concept of a function allowed students to mediate their comprehension of the concept of a function by translanguaging their multiple languages and cultural experiences fully. Also, Lisa's use of multimodal resources and algebraic expressions in addition to the multilingual resources drove the concept home.
Finally, Lisa used both English and Chinese fluidly and gave students the freedom to use the language of their choice. Throughout this discussion, students expressed, reasoned, and questioned the concept of function using both Chinese and English. Lisa's keen cultural awareness of where her students came from encouraged them to share their travel experiences and use those experiences to reason and learn the concepts. All this showed that teachers need to go beyond using one prototypical or generic example when teaching content knowledge to bilingual students (Civil, 2016;Dong, 2016Dong, , 2021)).
Lisa later revealed that the cross-cultural education study opened her eyes to the fact that many of her students, though may have already learned the concept of a function, still may not be able to connect to it if she only used English and bilingual translations alone. It was not until her students came to comprehend the concept through familiar examples that they were able to connect the function concept with what they learned in Chinese. Since then, Lisa has developed a habit of asking her students for any prior knowledge related to a mathematics topic under study before teaching each new unit. If students hadn't yet learned or don't remember learning the concept, Lisa would teach the concept using various strategies, including using student-familiar examples, bilingual translations, codeswitching, multimodal illustrations, class discussions, etc.
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Lisa focused on supporting bilingual students' mathematics learning and bilingual language learning. She purposefully built translanguaging design and space into her lesson to create rich learning opportunities for classroom discussions and encouraged her students to actively leverage their full cultural and linguistic repertoires to learn mathematics.
The second classroom discussion excerpt shed light on students' translanguaging practice. As shown in the excepts, all 10 students engaged in the discussion and some pushed the discussion to a deeper level into what function is and what function is not. The roles taken by them are indicative of the ways that Lisa designed and modeled the translanguaging practice. It started with Lisa's genuine question (line 18) "?å?"ª????? (Which airline did you take)?" led to students' interest and participation. From lines 19-20, Yushan and Jian shared their responses in both Chinese and English. Lisa's next question "Who can tell me your trip from China to America using the function concept?" got the class really thinking. From lines 22 to lines 31, students bridged the concept with their travel experience using both Chinese and English with only occasional input from Lisa. What is noteworthy is how the students became questioners, explorers, and facilitators as shown in Meimei's question on line 28, Tom's question on line 29, and Christina's response on line 31. All this occurred naturally without much of Lisa's prompting.
What is more noteworthy is how the features and conditions of a non-function emerged from the students' discussion about the concept, as highlighted by John's question in excerpt 1 (pushing one button to get two bags of chips) (see line 11), Meimei's question about taking two airlines to get to JFK at the same time (see lines [28][29][30][31], and Adam's question about taking one airline to get two airports at the same time (see line 36). Those explorations led to more student interactions and deepened and enriched the discussion. Examples After the class, some students revealed that they didn't even realize they were talking in Chinese or English because they were so engrossed in the discussion. The high level of student participation and fluid transitions from one language to another with a sustained focus on the concept demonstrated that students maximized their linguistic and cognitive potentials by drawing on their full communicative and cultural resources.
After the discussion, Lisa assigned groups of three or four to illustrate their understanding of the concept of function using everyday examples. Following Lisa's guidelines, students worked in groups to generate a real-life function example and justified why they were function (See below Figure 2): In the above student group writing and illustration, Yushan, Christina, and Adam brought in their real-life experiences, such as grocery shopping at the Chinese supermarket to connect, interpret, and express the concept of a function. They were able to use their multimodal resource and bilingual and mathematical language repertoires to enhance their learning. Their example illustrated their active use of translanguaging to compose, organize, and express the concept of a function. It is important to highlight that their work was reflective of the class discussion that Lisa engaged the class in. Also, the techniques of parallel writing allowed the students to use their command of both languages to show their understanding of the concept of a function. In doing so, they mediated their concept understanding using both bilingual languages and visual imagery flowing between languages and modes in a dynamic and fluid translanguaging practice (Garcia et al., 2017;Grosjean, 2012;Wei 2018).
© 2023 Global JournalsLisa's success with translanguaging and crosscultural pedagogy has not only promoted her students' mathematics learning but also their development as bilinguals with bilingual identities. By the end of the semester, students like Hua had something to say about her changed view toward learning English:
In Ms. Lisa's class, we spoke freely in both Chinese and English and we had fun learning mathematics. All this made me rethink my attitude toward the Chinese. Before, I intentionally stayed away from the opportunities to use Chinese. Having learned mathematics in both Chinese and English in this class, I have gained more confidence and wanted more opportunities to learn. I want to be a graphic designer in the future. With different companies requiring multi-language speakers, I think being bilingual allows me to take part in a position that requires Chinese and English Hua's words were reflective of her work and participation in class discussions. Before the study, she was a reluctant participant in class discussions, not confident with her English-speaking skills, and unwilling to speak in Chinese as she was concerned that her use of Chinese might hinder her development of English skills. However, Lisa's sincere interest in her students' mathematics learning and her translanguaging instruction motivated Hua to change her view toward her bilingual skills. She participated eagerly in class discussions, used both English and Chinese to communicate her mathematics understanding, and gained a newfound sense of confidence and pride.
V.
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This study examined Lisa, a 9th-grade Chinese bilingual algebra teacher's use of culturally relevant and translanguaging pedagogies to teach the concept of function to her Chinese bilingual students. The results of this study led me to conclude that Lisa's culturally relevant and translanguaging pedagogies have promoted her bilingual students' mathematics learning and bilingual language learning (Lang, 2019;Tai, 2022;Wei, 2018). Lisa broke down language boundaries and disrupted the rigid prescription of when and how much to use English and the student's home language to teach in the Transitional Bilingual Education program. Lisa rebutted the monolingual view that only "one language at a time ideology of monolingual and traditional bilingual classrooms" (Garcia and Wei, 2013, p. 34). Inspired by translanguaging and culturally relevant pedagogies, she encouraged her students to use their full linguistic, cultural, and cognitive repertoires to make a challenging mathematical concept comprehensible. She created a translanguaging environment that fostered students' mathematical concept development (Lang, 2019;Tai, 2022;Wei, 2018).
This study suggested that translanguaging teachers must also purposefully investigate and leverage bilingual students' cultural, previous literacy, and cognitive repertoires toward learning difficult concepts (Civil, 2016;Larson-Billings, 1992, 1995;Krause et al., 2022;Lopez et al., 2013;Moschkovich, 2015Moschkovich, , 1999;;Ramirez and Celedon-Patrrichis, 2012;Turner, 2013). Previous research has noted that translanguaging teaching requires the teacher to have critical multilingual awareness and proficiency (Henderson and Ingram, 2018). This study has revealed that multilingual awareness is important but not sufficient for effective translanguaging teaching. Lisa's culturally relevant teaching through her cross-cultural literacy education study adds to her translanguaging practices in a unique way. By using students' culturally familiar references while embracing their prior schooling, Lisa motivated and enhanced her students' engagement with translanguaging practices. Her students leveraged those resources to communicate, interact, question, and learn mathematics.
Bilingual teacher educators should prepare future bilingual subject matter teachers for their students' funds of knowledge (Moll et al., 1992), such as their cultural backgrounds, and previous educational experiences besides tapping into their bilingual repertoires in order for translanguaging practices to be effective (Aguirre and Zacvala, 2013;Ladson-Billings, 1995;I et al., 2020;Moschkovich, 2010;Turner et al., 2016).
Lisa's success with her translanguage shift reveals that mathematics teachers must be mindful that despite their translanguaging design, their students may not switch to translanguaging and learning automatically. Teachers must be observant of students' responses to their design in those translanguaging spaces and be ready to make the in-the-moment shift to create more translanguaging opportunities for students to connect and leverage their linguistic, cultural, and cognitive resources. Lisa's effective translanguaging shift has a lot to do with her strong mathematical content knowledge and keen awareness of her students' content understanding, and their previous education on the topic under discussion which proved to be a turning point in her students' learning (Garcia et al., 2017;Henderson et al., 2018).
As a bilingual subject matter teacher, Lisa plays a dual role of both the subject matter teacher and bilingual language teacher. Often, language instruction in this context is through content instruction. Language and content instruction are not separated but integrated (Garcia et al. 2017). Future studies are needed to investigate how bilingual language teachers, such as world language teachers, ESL/ENL teachers, and bilingual subject matter teachers use translanguaging pedagogy similarly and differently according to their content and language instruction according to their teaching contexts and teaching objectives (Dong, 2021;MacKinney, 2022;Prediger et al., 2019). Finally, we need to examine ways that bilingual teachers development of their translanguaging stance, design, and shift in order to promote bilingualism and language and subject matter learning.
It's only when the bilingual teacher provides bilingual ELLs with opportunities to use their languages freely and meaningfully, engages them in familiar experiences, and taps into their previous cultural and educational backgrounds, that those students have relatable and meaningful contexts to think, share, question, and understand the subject matter concept and develop their bilingual language skills. 
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